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Introduction
Athletes and coaches are interested in rehabilitation programs to prevent strength loss after unilateral injuries and to accelerate the process of recovery. One interesting question is if strength exercises with the healthy contralateral limb induce positive effects on the injured limb.
The manner in which practice did not only increase the strength of the muscle of the practiced limb but also of the contralateral homologous muscle of the unpracticed side has garnered a great deal of experimental and theoretical attention for more than 100 years (e.g. groups, small muscle groups), in different sets of training (static, dynamic), at different tasks (complex vs. simple, upper vs. lower extremities) and in the dominant or non-dominant limb.
These conclusions were drawn using an intermanual transfer paradigm. However, while the research on cross-education received a good bit of experimental attention, there is still a debate on the underlying mechanism of cross-education (Farthing, 2009) .
A number of theoretical perspectives have argued that unilateral strength practice resulted in a process analogous to motor learning (Farthing et al., 2007) . Practice induced facilitation of stored efferent muscle activation patterns and neural pathway, as well as mediates the unpracticed homologous muscle (Lee & Carroll, 2007) . Zijdewind and Kernell (2001) proposed an alternative idea based on a bilateral interaction during the maximal contraction between muscle groups to explain effects of cross-education (Mayston et al., 1994) . The basic assumption is that maximal voluntary contractions (MVC) in one muscle group induced involuntary coactivation in the contralateral homologous muscle.
The involuntary co-activation is not related to a motor learning processes. The contralateral irradiation of muscle activity is also observed by Davis (1942) . He reports that an increasing amount of intermittent contractions in one muscle group induced a higher muscle activity in the contralateral muscles (see also Dimitrejevic et al., 1992) .
Using sub maximal and MVC of the index finger in a within-subject design with five periodic measurements scheduled over one week, Zijdewind and Kernell (2001) provided some empirical evidence that unilateral force generation induced an increase in co-activation on the contralateral finger. This finding supports the idea of the bilateral interaction hypothesis where unilateral MVCs irradiate to the contralateral side.
The within subject design might have the weakness (a) that subjects get familiarized with the testing procedure and the apparatus and (b)
learning effects occur. Results may be potentially confounded by the repeating testing procedure (Carroll et al., 2006 In Study 1, we applied a dynamic arm movement task with intermittent contractions, while in Study 2, a static isometric task was used.
The study of cross-education is important for practical and theoretical reasons. For practical reasons, it is importantly related to retraining and training protocols designed to increment relearning when one limb is constrained because of injury and disease with movement disorders (e.g. Schabowsky et al., 2007) . From a theoretical standpoint, it is important because the bilateral interaction hypothesis provides a potential mechanism to explain the phenomenon of crosseducation. Note, the primary goal of Study 1 was to determine the pattern of bilateral interaction in the triceps brachii in using a dynamic extension/flexion task in one testing session.
Previous research with this kind of training set (Davies, 1942) Inventory (Oldfield, 1971) prior to the study.
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Methods and protocols used in Study 1
Task, Apparatus and Procedure
After entering the laboratory, subjects were asked about their experience with load on dumb- 
EMG-Data Analysis
The analysis of the SEMG data was performed using Matlab (Mathworks, Natick, MA).Raw SEMG was centered and band-pass filtered (2 nd order Butterworth filter,20-500 Hz). To create the linear envelope of SEMG signal the moving average was calculated subsequently using a window of 100 ms (Basmajian & de Luca, 1985) .
Methods and protocols used in Study 2
Task, Apparatus and Procedure
The task, apparatus and procedure of Study 2
were slightly changed to these applied in Study 1 in a few respects. Upon entering the laboratory, subjects were instructed to sit in front of the 
Results
Results of Study 1
Examples of rectified EMG variables from one subject are provided in Figures 
Mean EMG activity and standard deviation of left and right triceps brachii
Figure 3
Example of the rectified superimposed and from that the median EMG calculated signal for the practiced and un-practiced limb
The mean EMG data and the SE of the activated and the co-activated muscles are provided in The example is provided in Figure 3 .
Figure 4A, B Example of EMG activity from subject (CCS) of left and right triceps brachii. 4A illustrates the activation co-activation pattern when the left triceps is active.
Figure 4C, D Example of EMG activity from subject (CCS) of left and right triceps brachii 4D illustrates the activation co-activation pattern when the right triceps is active.
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Figure 5
Mean EMG co-activity and standard deviation of left and right triceps brachii during unilateral MVC.
Results of Study 2
Examples of force data and the EMG variables is discussed as a potential mechanism for the phenomenon of cross-education (see Davies, 1942 , Dimitrijevic, et al., 1992 .
Discussion of the Results from Study 1
In findings reported by Davies (1942) and Dimitrijevic et al. (1992) , that unilateral contraction induced a co-activation on the contralateral unpracticed muscle. However, compared to the active limb the co-activation of the unpracticed limb is around 2.5% (see Figure 3 ). There can be some doubt that this low co-activation has an effect on the strength in the contralateral unpracticed limb. Based on a more qualitative observation, the increase of coactivation is associated with the increase of the amount of unilateral contractions (see Figure 1B and 1C).
This observation is in line with the results reported by Davies (1942) where subjects had to 
General Discussion and Conclusions
In the present two studies, the general pattern 
